Abstract Overnight fasting samples of 1,031 apparently healthy people of Punjab visiting the hospital over a period of 3 years were tested for serum lipid profile. The mean ± SD of serum total cholesterol, triglycerides, high density lipoprotein cholesterol, low density lipoprotein cholesterol and very low density lipoprotein cholesterol in mg/dl were 182.2 ± 33.9, 122.4 ± 33.4, 44.1 ± 6.8, 113.9 ± 32.0, 24.6 ± 7.1 respectively. When these subjects were grouped according to age and sex, no appreciable difference was observed between most of the groups. Serum triglycerides were found to be low and HDL-C was high in females when compared with males of similar age and vice versa. With advancing age, total cholesterol and low density lipoprotein cholesterol levels were found to be higher in women. The present study suggests that the obtained lipid values should be taken into consideration during clinical evaluation.
Introduction
Health of an individual is conceptually different in different countries, in the same country at different times and in the same individual at different ages. It is thus a relative or absolute state. This means that the condition of individuals must be related to or compared with reference data. It is thus the central role of the laboratory scientist to aid the clinician in interpreting the observed values by providing the relevant reference values and presenting them in a convenient and practical form. The concept of reference interval was introduced by International Federation of Clinical Chemistry (IFCC) to avoid the problems with normal values and values obtained from an individual under clinical investigations [1] . According to IFCC, it is necessary for every laboratory to have its own set of reference limits. However, in India most of the laboratories follow the reference intervals established in the western population; these usually do not match with the Indian population especially noted in case of lipid profile. In clinical chemistry, the use of the term lipids generally refers to lipoprotein metabolism and atherosclerosis, a cause of coronary heart disease (CHD) [2] . Available global data have clearly established the relationship of lipids and other risk factors with cardiovascular and cerebrovascular events [3] [4] [5] [6] [7] [8] [9] [10] [11] . It is therefore essential to establish a reference range of the values of serum lipids for a given population as only a few studies have been carried out in other regions of India [12] [13] [14] [15] .
Materials and Methods
A total of 1,031 individuals were tested for lipid profile which included serum total cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), very low density lipoprotein cholesterol (VLDL-C) and serum triglycerides. They (reference individuals) included healthy employees of the companies on the panel of our hospital who came for routine health check-up. Samples were drawn after 12 h of overnight fasting and serum was separated for various parameters of lipid profile to be analyzed. Reagent kits for all lipid parameters were procured from Narmis diagnostics Ltd., Croydon, Surrey, United Kingdom.
Serum total cholesterol was measured by enzymatic CHOD-PAP method with lipid clearing agent using cholesterol esterase, cholesterol oxidase and peroxidase.
High density lipoprotein cholesterol was measured by a homogeneous method for directly measuring HDL-C levels in serum without the need for any off-line pre-treatment or centrifugation steps.
Serum triglycerides were measured with an enzymatic colorimetric method involving lipoprotein lipase, glycerol kinase, glycerol-3-phosphate oxidase and finally in the presence of peroxidase (POD), hydrogen peroxide oxidizes aminoantipyrine and N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline into a red compound. VLDL and LDL were calculated using Friedewald's formula [16] . To maintain accuracy and precision, ERBA norm and path were run daily as a part of internal quality control program. As a part of External Quality Assurance Scheme (EQAS), our laboratory is enrolled with CMC Vellore. The samples were analyzed on HITATCHI-912 autoanalyzer and were interpreted with the help of a statistician. The study protocol was approved by the ethical committee of Gian Sagar Medical College and Hospital.
Results

1.
The present study is a retrospective study in which the lipid profile has been analysed in a total of 1,031 individuals (age range 21-85 years) who attended the clinical biochemistry lab for a regular check up. All these individuals were selected after following the IFCC exclusion criteria as mentioned in Table 1 [17]. 2. Out of 1,031 individuals, 501 were males and 530 were females. The mean age for males was 50.1 ± 14.3 years and for females was 48.5 ± 11.8 years.
The mean age for these individuals was 49.3 ± 13.1 years. No significant difference was observed for age in males and females (Table 2 ). 3. The mean, median, standard deviation, range (minimum-maximum value) and confidence limits for mean for Total-C, HDL-C, LDL-C, VLDL-C, TGs, Total-C/HDL-C ratio, LDL-C/HDL-C ratio along with P values are shown in Table 3 . Decade wise analysis for all the above stated parameters is shown in Table 4 . A comparison of the values of various lipid parameters in our study according to the reference values being followed in our lab is shown in Table 5 . 4. The overall mean total cholesterol levels were significantly higher (P = 0.032) in females (184.4 ± 32.3 mg/dl) as compared to males (179.9 ± 35.3 mg/dl) and the overall mean cholesterol was 182.2 ± 33.9 mg/dl. The median value of 180 mg/ dl in males and 185 mg/dl in females were quite similar to the observed mean value of cholesterol. The confidence limits for mean were also higher in females (181.69 to 187.22 mg/dl) as compared to males (176.82 to 183.03 mg/dl). Also, the range observed for total cholesterol was 98-270 mg/dl in males and 100-305 mg/dl in females (Table 3) . Decade wise analysis of cholesterol levels showed a steady increase from 2nd to 4th decade in males after which a steady fall was observed whereas in females a steady increase has been observed till 70 years of age. No significant difference was observed in decade wise analysis for mean total cholesterol levels in both males and females (Table 4) . The number of patients with total cholesterol levels outside the reference range of our lab (130-200 mg/dl) is increasing with age and more in males than in females with maximum number in 4th decade in both males and females and increasing in females in the 5th decade and onwards (Table 5 ). 5. The overall mean HDL-C level in females was higher (45.1 ± 6.7 mg/dl) as compared to males (43.1 ± 6.8 mg/dl) with a significant p value (\0.001). The median value in females (45 mg/dl) was also higher than in males (43 mg/dl) and the values were quite similar to mean values. The confidence limit in males and females was 42.50-43.70 and 44.56-45.70 mg/dl (Table 3) . Decade wise analysis of HDL-C levels shows a fall with advancing age in both males and females with a significant change in males (P = 0.027, Table 4 ). The numbers of females with HDL-C levels below the reference range of our lab (30-80 mg/dl) are maximum in the 7th decade (Table 5 ). 6. The overall mean and median value of LDL-C was higher in females (mean 115.2 ± 31.2 mg/dl and median 115 mg/dl) as compared to males (mean 112.6 ± 32.9 mg/dl and median 112 mg/dl and median 112 mg/dl) but the difference was not significant (P = 0.198). The confidence limits for mean ranged from 109.75-115.54 mg/dl in males and 112.55-117.88 mg/dl in females ( Table 3 ). The mean LDL-C level increased steadily from 2nd to 4th decade in both males and females after which a fall was observed in both 5th and 6th decades and then a rise in 7th decade in males. Similarly, in females, fall in mean LDL-C level was observed in 5th and 7th decades and a rise in 6th decade. No significant change was observed in mean LDL level in both males and females (Table 4) . The number of patients with LDL level outside the reference range (up to 150 mg/dl) is increasing with age in both males and females with maximum in 4th decade in males and in the 7th decade in females (Table 5 ). 7. The overall mean and median values of serum triglycerides was higher in females (mean 123.0 ± 34.2 mg/dl and median 121 mg/dl) than in males (mean 121.7 ± 32.6 mg/dl and median 120 mg/dl) with no significant change (P = 0.528). The confidence limits for mean was also higher in females (120.15-126.00 mg/dl) than in males (118.89-124.62 mg/dl, Table 3 ). Decade wise analysis of serum triglycerides revealed an increase in both males and females till the 4th decade followed by a decrease in the 5th decade and an increase in the 6th decade but a decrease in 7th decade onwards in males and an increase in females. A significant change (P = 0.040) in decade wise analysis of triglycerides in females was observed. The number of patients with triglycerides levels outside the reference range (up to 150 mg/dl) is also increasing with age in females with maximum number in the 6th decade. 8. The changes observed in VLDL levels in both males and females reflect the changes in triglycerides. 9. The overall mean Total Chol/HDL-C ratio was higher in males (4.25 ± 0.98) than in females (4.16 ± 0.89). The mean Total Chol/HDL-C ratio also increased steadily in males and females with maximum in the 4th decade in males and in the 7th decade in females. LDL-C/HDL-C ± SD Males 2.4 ± 0.7 2.6 ± 0.8 2.8 ± 0.9 2.6 ± 0.8 2.6 ± 0.9 2.7 ± 0.7 2.6 ± 0.8 0.06 Females 2.5 ± 0.8 2.5 ± 0.6 2.6 ± 0.8 2.5 ± 0.8 2.5 ± 0.9 2.7 ± 0.6 2.6 ± 0.8 0.64 *p value less than 0.05 is significant Ind J Clin Biochem (July-Sept 2012) 27(3):290-295 293 10 . The overall mean LDL-C/HDL-C ratio was higher in males (2.67 ± 0.89) than in females (2.60 ± 0.80).
The mean LDL/HDL ratio also increased steadily till the 4th decade in both males and females followed by a fall in the 5th decade and then again a rise there after.
Discussion
The levels of total cholesterol, LDL-C, HDL-C and serum triglycerides are routinely requested by all the clinicians and so form an important profile in almost all the diagnostic laboratories. The recommended procedure by different authorities like IFCC, NCEP [18, 19] to identify, collect and measure enough samples from a sufficiently large population is not feasible for most laboratories, which thus have to rely on literature data or manufacturers' insert sheets [20] . There is a great variation of plasma lipid levels in different populations and usually are affected by age, sex, food habits, lifestyle, socio-economic status, race, heredity etc. Traditionally, Punjabi food is rich in fat and high in calories. Numerous reports are available in literature relating to serum plasma lipids, lipoprotein (a), apolipoproteins and their subtractions as important risk assessment parameters for atherosclerosis causing cardiovascular and cerebrovascular disorder [21] . Salient features of our study include that total mean cholesterol level in females(184.4 ± 32.3 mg/dl) was significantly higher (P = 0.032) than in males (179.9 ± 35.3 mg/dl) with an elevated consolidated interval (98-270 mg/dl and 100-305 mg/dl) as compared to our laboratory reporting values (130-200 mg/dl).When compared with a similar study done in western Maharashtra [13] , total mean cholesterol level in males (165.7 ± 9.8 mg/dl) and females (165.95 ± 31.93 mg/dl) was similar but less as compared to the present study. Asharvaid et al. also conducted a study in healthy Indian population in 2005 revealing increased total mean cholesterol level in both males (199 ± 37.54 mg/dl) and females (196 ± 36.13 mg/ dl) as compared to that in the present study. The increased level of total cholesterol in Punjabi population can be explained by the excessive consumption of ghee in food.
Also, the mean HDL-C level was also significantly higher in females (P \ 0.001) than in males with a fall with advancing age in both males and females. The level of HDL-C in females has also been found to decrease with advancing age ([60 years) in the study done on lipid profile in western Maharashtra [13] (44.0 ± 6.3 mg/dl) as well as in Kolkata [12] (49.5 ± 6.6 mg/dl) in the same age group. Also, with increasing age, the number of females having HDL-C level lower than the reference range is increasing with maximum in the age group above 70 years. A high HDL-C level in females before the menopausal age probably protects them against atherosclerosis.
The overall mean LDL-C level was higher in females (115.2 ± 31.2 mg/dl) than in males (112.6 ± 32.9 mg/dl) but the difference was not significant (Table 3) . High LDL-C levels in females (133.4 ± 34.8 mg/dl) have been seen as compared to males (116.5 ± 27.6 mg/dl) in a similar study done in Kolkata [12] in 2003. On the contrary, the mean LDL-C levels in the study conducted on lipid profile in Andhra Pradesh [15] reveals lower level of LDL-C in females (99.2 ± 30.6 mg/dl) as compared to males (102.4 ± 29.5 mg/dl). Decade wise analysis also reveals an increase in LDL-C levels with age in both males and females but the change is not significant (Table 4) . Similar changes have also been observed in decade wise analysis of LDL-C levels in Bengali population of Kolkata [12] . Also, the LDL-C levels outside the reference range are increasing with age with maximum in the 4th decade in males and in the 7th decade in females.
The gradual increase in Total cholesterol and LDL-C levels with age could place the females in a more vulnerable position as compared to males in relation to atherosclerosis.
In the present study, no significant difference has been observed in serum triglycerides levels between males and females which resembles the pattern observed in the study conducted in western Maharashtra. Decade wise analysis of triglycerides reveals an increase in their level in females with age and the change is significant (P = 0.040). Similar pattern has been observed in various Indian studies conducted in western Maharashtra by Durgawale et al. [13] and in Kolkata by Goswami and Bandyopadhyay [12] . Serum VLDL-C level follows the same pattern as Serum triglycerides.
It is also observed that the values of the present study follow a similar pattern as in some of the foreign countries [22] . 3,044 elderly Japanese-American men from Honolulu Heart program showed the mean concentration of their lipid patterns as follows:
TC 189, HDL-C 51, LDL-C 109, TG 147 mg/dl ( [13] , Kolkata). The mean values of the various parameters of the present study did not differ much from the above mentioned values.
Also, the increased number of study samples showing values of the various lipid parameters outside the reference range being followed in our lab indicates that the lipid values of the present study should be taken into consideration for further evaluation.
